Abstract: Ultramafic intrusives are always associated with minor hornblende bearing rocks in the Kitakami mountainland, northeastern Japan, Chemistry of the hornblendes together with their optical properties from three main ultramafic intrusives, the Hayachine, Miyamori and Tagozu groups, is given. These hornblendes are identified as calciferous ones, belonging to common hornblende or pargasite. Some considerations on the chemical nature of hornblendes are discussed.
INTRODUCTION
In recent years considerable knowledge has been accumulated concerning the rock-forming minerals of ultramafic rocks, such as olivine, orthopyroxene and clinopyroxene, but comparatively little is known at present about hornblende in these rocks. Actually hornblende is in general, not a normal main constituent of the ultramafic intrusives, but hornblende bearing rocks are generally associated with them, though usually in small amount. The significance of this mineral in the intrusive state of the ultramfic intrusives has already been pointed out by the present author (Onuki, 1962; .
In the main ultramafic bodies of the Kitakami mountainland, the occurrence of hornblende bearing rocks and hornblende monomineralic rocks, namely hornblendites, has been reported by many geologists (Kondo, 1929; Seki, 1952; Hirokawa and Yoshida, 1954; Shimazu, 1954; Onuki, 1962; . Although the author has already presented some chemical data of the hornblendes from the Hayachine ultramafic complex (Onuki, 1963) , detailed consideration has not been stated. In this paper the author intends to give the results of his chemical studies of the hornblendes from three main ultramafic groups of the Hayachine, Miyamori and Tagozu bodies in the Kitakami mountainland. (Manuscript received, February 17, 1964) (Onuki, 1963) . (Onuki, 1963) . 7: From hornblendite, Tamasato, Tagozu group.
CHEMICAL COMPOSITION OF HORNBLENDE
Hornblendes are observed in various rocks which show various mineral assemblages in the ultramafic rocks series. Fourteen hornblende specimens were chemically analysed. Eight are from the Hayachine (Onuki, 1963) , four are from the Tagozu and the rest are from the Miyamori ultramafic group.
The samples were concentrated by means of a Franz isodvnamic (Onuki, 1963) . 10: From clinopyroxene-hornblende gabbro, Hayachine group (Onuki, 1963) . 11: From clinopyroxene-hornblende gabbro, Hayachine group (Onuki, 1963) . 12: From hornblende gabbro, Hayachine group (Onuki, 1963) . 13: From hornblende gabbro, Hayachine group (Onuki, 1963) . 14: From hornblende gabbroic pegmatite, Hayachine group (Onuki, 1963) .
Analyst: H. Onuki. magnetic separator from finely crushed host rocks and then were purified by heavy liquids. The results of chemical analyses and optical data are given in Table 1 .
Some hornblendes contain water in excess of that required to give two (OH) ions per formula unit. The problem of excess water in amphiboles is still unsolved. At present the author has no opinion of his own about this subject. Subsequently, their atomic ratios were calculated on the anhydrous basis of 0=23.000 after Shido (1958) as given in Table 2 . This procedure is very convenient to compare the compositions of hornblendes showing various water contents.
In the analysed hornblendes, Si atoms are higher than 6, i. e. , from 6.06 to 6.84, and therefore the substitution of Si by Al is limited within two atoms. Deficiency of Si in Z group in the structure is filled only by Al. Al atoms in Y site vary from 0.13 to 0.68. Fe+2 atoms show a range from 1.00 to 1.75 and Mg ions vary in consider (Figures 1 and 2) . The major variation in the chemical compositions of all hornblendes can be interpreted by the combination of edenite (NaAl for Si) and tschermakite (A1A1 for MgSi) substitutions beside the Mg-Fe+2 substitution, if we start from tremolite composition as primitive amphibole structure. In other words, hornblendes vary in composition between tremolite-ferrotremolite and pargasite-tschermakite ignoring minor chemical variation.
Hornblendes from hornblende clinopyroxenite and clinopyroxene hornblendite as well as hornblendites show a well defined trend on two diagrams. These trend lines tend from common hornblende field to pargasite field in accordance with proceeding crystallization and increasing Fe/Mg+Fe ratio in the host rocks. On the contrary, hornblendes from gabbroic rocks do not show such a trend, but their compositions fall within a narrow area. It is shown by these evidences that the former has relatively wide chemical range, while the latter shows limited composition in spite of wide chemical variation in bulk compositions of host rocks. Hornblendes from gabbroic rocks are poorer in A12O3 and alkalies, and richer in MgO than those from hornblendites.
Origin of hornblende bearing rocks in the ultramafic intrusives had already been interpreted by the author (Onuki, 1962; . It is suggested that the Hayachine ultramafic complex may have emplaced into the present place in the state of crystalline mush with a small amount of interstitial magmatic liquid, which must have played a role of lubricant and later soldified as hornblende bearing rocks. This interpretation may be applied also to other ultramafic bodies, such as the Miyamori and Tagozu groups in the Kitakami mountainland.
Reacting with clinopyroxenes which were formed at the deeper level, hornblende crystallize from the residual or interstitial liquid in these ultramfic intrusives at the present place in the cases of hornblende clinopyroxenite and clinopyroxene hornblendite. The composition of the hornblende formed under such circumstance is controlled by the degree of liquid-solid reaction and chemistry of the liquid.
Genesis of hornblendite is explained, in short, by filtration mechanism applying on a portion of the liquid from which clinopyro (Onuki, 1963) . 2: Saussuritized clinopyroxene-hornblende gabbro (Onuki, 1963) . 3: Saussuritized hornblende gabbro (Onuki, 1963) . 4: Saussuritized hornblende gabbro (Onuki, 1963) . 5: Saussuritized hornblende gabbroic pegmatite (Onuki, 1963) .
clinopyroxene-hornblende gabbros and hornblende gabbroic rocks do not belong to the same rock series. Clinopyroxene-hornblende gabbros always belong to hornblende clinopyroxenite series, whereas hornblende gabbroic rocks belong either to hornblende clinopyroxenite series or to hornblendite series. But it is an interesting fact that the hornblendes of these rocks have a rather similar composition notwithstanding the wide range in composition of host rocks. This fact can be explained by taking into consideration of two factors, i. e. , the association with plagioclase, and that hronblende is the only ferromagnesian mineral in the case of hornblende gabbroic rocks. Plagiocalse composition can not be optically or chemically determined because of saussuritization. But they may be calcic plagioclases, considering that the host rocks are high in CaO and low in alkalies. In these circumstances, composition of hornblende is controlled by mineral assemblage, when they crystallized from the liquid, and chemistry of the liquid. Mineral assemblage may be controlled to some extent by P-T condition including volatile pressure at the crystallization state. But mineral assemblage is firstly determined by chemistry of the liquid and P-T condition is subordinate within the limits of stability of hornblende After all, chemistry of liquid is the most important to the chemical feature of hornblende in the case of plagioclase bearing rocks.
In conclusion, the chemistry of hornblende is mainly controlled by chemical feature of the liquid from which they crystallize. It appears that compositions of pyroxenes from a magma are a fairly good indicator to determine the position of host rocks in the course of differentiation of the magma, without regard to mineral assemblages of the host rocks. Although hornblende compositions surely play such an index as long as mineral assemblage is not changed, they are useless as a common indicator when an important change occur in mineral assemblage; for instance, a change from plagioclase-free rock to plagioclase bearing rocks. Boyd (1959) has presented two diagrams showing the breakdown curve of tremolite and the stability field of pargasite. In these diagrams, it is clearly shown that pargasite is stable in higher temperature region than tremolite, in agreement with a well-known fact in metamorphic petrology that tremolite is stable at lower temperature. If hornblende composition is controlled only by P-T condition, pargasite would have crystallized at first in the liquid with proceeding crystallization. This is not always the case, however, as shown in this paper. Therefore it is inferred that the composition effect may be the most important to the chemical feature of hornblendes when they crystallize from the liquid. It is quite probable, however, that stable amphibole is pargasitic or tschermakitic under higher pressure as at the base of the crust or in the mantle.
DISCUSSION
We have three important geological evidences to clarify the nature of the upper mantle. They are ultramafic intrusives, peridotite inclusions in some basaltic rocks and garnet peridotite inclusions in kimberlites. Probably each of them represents the material at a certain depth in the mantle. Irrespective of whether they are liquid intrusion or not, ultramafic intrusives may be similar to the material of the upper-most mantle and garnet peridotite inclusions in kimberlite may be equivalent to the material of the deepest mantle so far we obtain. Ultramafic intrusives are the most popular subject among these three above mentioned, even if they represent only the upper-most mantle.
Hornblendes are not always regular component minerals in the three rock types, but they are observed in many ultramafic intrusives in small amount. The study of this mineral is as important as that of olivine or pyroxenes in the ultramafic rocks. The hornblendes from ultramafic intrusives in the Kitakami mountainland have a range in composition from common hornblende to pargasite. It appears that composition of hornblende is mainly controlled by chemical nature of the liquid from which they have crystallized. Concerning with the appearance of hornblende, however, this factor appears to be subordinate to the effect of P-T condition including volatile pressure in the crystallization state.
The available data of hornblendes are not sufficient to search the nature of ultramafic intrusives. But it is interesting that pargasite was reported from amphibole-rich layer in peridotite which is considered to be high temperature intrusive (Mackenzie, 1960) .
On the other hand, amphiboles are not generally observed in peridotite inclusions and garnet peridotite inclusions. But peridotite inclusions in basaltic rocks are often associated with hornblendite and hornblende gabbroic rocks*, of which origin is uncertain. The stability field of amphibole may be not always restricted to the P-T condition in the crust. It has been suggested by some author (Ring * For instance, Ichinomegata, Akita Prefecture, Japan (Oral communication of Dr. K. Aoki and Miss T. Tiba).
